Background: Corticosteroids play a major role in the treatment of many diseases of the posterior ocular segment. Systemically or topically administered steroids usually do not attain therapeutic concentrations in the retina, as they must first cross the blood-retina barrier. Intravitreal application is a useful alternative means of achieving therapeutic concentrations in the posterior segment but must be repeated every few weeks, because drugs given in this way have a short half-life. Intraocular sustained-release implants have been now developed in order to prolong the effect of intravitreal drugs and to lessen the need for repeated application. Macular edema is a typical indication for intravitreal steroid treatment.
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SUMMARY
Background: Corticosteroids play a major role in the treatment of many diseases of the posterior ocular segment. Systemically or topically administered steroids usually do not attain therapeutic concentrations in the retina, as they must first cross the blood-retina barrier. Intravitreal application is a useful alternative means of achieving therapeutic concentrations in the posterior segment but must be repeated every few weeks, because drugs given in this way have a short half-life. Intraocular sustained-release implants have been now developed in order to prolong the effect of intravitreal drugs and to lessen the need for repeated application. Macular edema is a typical indication for intravitreal steroid treatment.
Methods: Selective review of the literature.
Results: Various intravitreal corticosteroid implants have been evaluated in prospective, randomized clinical trials in recent years, and some have been approved for clinical use. Implants are either longer-acting and non-resorbable (fluocinolone acetonide implants) or shorter-acting and resorbable (dexamethasone implants). Major adverse effects of intravitreal corticosteroids include the induction or worsening of cataracts and elevated intraocular pressure. The likelihood of a complication varies from implant to implant and depends on the duration of action of the particular one used. I n the industrialized world, diseases of the posterior segment of the eye such as age-related macular degeneration (AMD), diabetic retinopathy, retinal vein occlusion, and uveitis are second only to glaucoma as a leading cause of visual impairment and blindness (e1, e2). The retinal blood supply is separated from the nervous tissue of the retina by the so-called blood-retina barrier, which regulates the exchange of water, proteins, and ions between the retina and the systemic circulation (1). A further property of the blood-retina barrier is that it blocks the passage of medications into the interior of the eye (2): Systemically administered drugs must be given in high doses in order to reach an effective concentration in the posterior ocular segment. As a result, the ability to treat the eye with systemically administered drugs is often limited by side effects that arise in organs at high doses. Effective drug concentrations at the choroid and retina cannot be achieved with eye drops, either. Some diseases can disrupt the blood-retina barrier in such a way as to permit drugs to cross it more easily, but a dysfunctional barrier can also be a cause of macular edema. Modifying the blood-retina barrier to ease the crossing of drugs into the interior of the eye is an approach with very little clinical application because of the side effects that result from increased permeability of the vascular walls (3).
For these reasons, drugs for the treatment of diseases of the posterior ocular segment, such as AMD and macular edema of various causes, are now mainly given by a technique called "intravitreal operative medication" (IVOM), which yields effective local drug concentrations while markedly reducing systemic side effects. IVOM is, however, an invasive procedure that must be performed under sterile conditions. Infections in the interior of the eye (endophthalmitis) after IVOM are very rare, with reported rates ranging from 0.02% (12 in 60 322 procedures) to 0.26% (4 in 1553 procedures) (e3, e4). There is a low risk of other complications, such as the formation of holes in the retina (0.017% [e5] ), retinal detachment (0.03% ( [6] ), and hemorrhage into the vitreous body (0.02% [e5] to 0.03% [6] ).
More common than these complications of the injection procedure per se are the the specific side effects of individual drugs, such as intraocular hypertension and cataract formation after the intravitreal application of triamcinolone (5, 6) . Corticosteroids can, alternatively, be given by subconjunctival, parabulbar, or retrobulbar injection; in this way, the globe of the eye is not penetrated, but the therapeutic benefit (both anatomical and functional) is inferior to that of IVOM, despite the higher frequency of injection (7) , and there may also be systemic side effects, including hyperglycemia. In view of the risks of IVOM, it would be desirable to prolong the effect of intravitreal medication for as long as possible after each injection, so that the injections need not be given as frequently. This would both lower the risk of complications and make the treatment less onerous, so that patients would be more willing to undergo it.
Intravitreal corticosteroids are now used clinically to treat either macular edema due to retinal vein occlusion or uveitis (Table 1) . In April/May 2012, an implant containing 0.19 mg of fluocinolone acetonide was approved for the treatment of diabetic macular edema in Austria and the United Kingdom. Macular edema reflects the deposition of liquid in the outer plexiform and inner nuclear layers with swelling of the retinal Müller cells. This, in turn, is due to retinal capillary leakage near the fovea, whose multiple causes include increased release of vascular endothelial growth factor (VEGF) and inflammatory processes (8 -10) .
Among other effects, corticosteroids stabilize endothelial tight junctions and inhibit the synthesis of VEGF, prostaglandins, and inflammatory cytokines (11) . In a clinical trial, systemic corticosteroid treatment was found to reduce macular edema and improve visual acuity transiently in some patients with macular edema due to central retinal vein occlusion (CRVO) (9) . Once the steroid medication was discontinued, however, the macular edema returned. Systemic corticosteroids were, therefore, not recommended as a therapeutic option in this situation, in view of their limited efficacy and unfavorable side-effect profile (12) . This remains true today.
In recent years, intravitreal anti-VEGF treatment with pegaptanib, bevacizumab, or ranibizumab has been evaluated in randomized, controlled trials as an alternative to intravitreal corticosteroids for the treatment of various diseases of the posterior ocular segment, including AMD, venous occlusion, and diabetic macular edema (e5-e12). Bevacizumab and ranibizumab were found to have a stronger therapeutic effect than pegap-tanib. Pegaptanib and the antibody fragment ranibizumab are currently approved for the intravitreal anti-VEGF treatment of exudative AMD. Ranibizumab has also been approved for the treatment of diabetic macular edema and of macular edema after venous occlusion with foveal involvement. Anti-VEGF drugs, which are intended to counteract the increased vascular permeability caused by VEGF, must be injected through the pars plana of the ciliary body directly into the vitreous humor of the eye. This route of administration is the same as that of steroid depot preparations. Anti-VEGF drugs must be given at much shorter intervals than steroids (almost monthly); on the other hand, they do not cause lens opacification or intraocular hypertension. The various anti-VEGF drugs differ widely in cost. Bevacizumab, the cheapest one, has not been approved for intraocular use. In Germany, there is still no recognized billing code for the introduction of drugs into the eye, even though intravitreal treatment has been practiced for years. This is inconvenient for patients, as all such treatments must be preceded by an application to the health-insurance carrier for assumption of the costs. 
Intravitreal depot systems
The first intravitreal drug systems were developed for the local treatment of CMV (human cytomegalovirus) retinitis in HIV patients and were approved by the Food and Drug Administration (FDA) in 1996 for clinical use in the USA. The ganciclovir implant consists of 4.5 mg of ganciclovir in a tablet coated with polyvinyl alcohol (PVA) and hydrophobic ethylene vinyl acetate (EVA). It initially releases 1 µg of ganciclovir per hour and has therapeutic effects over a period of eight months.This is a non-degradable, relatively large implant that must be sutured to the wall of the globe in the area of the pars plana of the ciliary body through a 5.5-mm incision (3).
Fluocinolone acetonide implants
The first intravitreal implant containing cortisone has a non-degradable matrix similar to that of the ganciclovir implant and contains 0.59 mg of fluocinolone acetonide (FA). The FDA approved it in 2005 for the treatment of macular edema due to non-infectious uveitis; it has not been approved in Europe. This implant is surgically introduced into the eye through a 3.5 mm incision in the pars plana of the ciliary body and sutured to the wall of the globe. The safety and efficacy of FA implants were studied in a prospective, multicenter trial with 3 years of follow-up, in which a total of 278 patients with noninfectious posterior uveitis received 110 0.59-mg implants and 168 2.1-mg implants. FA implants were found to lower the rate of recurrence of uveitis and stabilize visual acuity over a period of three years. They had marked side effects, however, including cataracts that required surgery in almost all of the eyes that had received implants, and intraocular hypertension requiring surgery in many of them (3, 13) . In view of these side effects, FA implants were compared, in a further trial, with the standard treatment for patients with non-infectious uveitis, i.e., systemic corticosteroids and further immunosuppression if necessary. There was no significant difference in the improvement of visual acuity brought about by the two treatments. The patients who received FA implants had lower rates of active uveitis and of treatment for systemic infection, but they had much higher rates of cataract surgery (80%; hazard ratio [HR] = 3.3, p <0.0001), procedures to lower intraocular pressure (61%, HR = 4.2, p <0.0001), and glaucoma (17%, HR = 4.2, p =0.0008). The authors concluded that both forms of treatment have a role to play in the treatment of non-infectious uveitis, and that the choice between them should be made individually for each patient (14) .
Another recent, prospective, multicenter trial concerned the efficacy and safety of 0.59-mg FA implants versus standard treatment (laser therapy or observations) for patients with diabetic macular edema. The FA implants brought about a greater improvement of visual acuity, but only at the cost of cataract progression in nearly all of the treated patients, and the need for surgical procedures to lower intraocular pressure in more than 30% of them (15) .
Similar results with respect to both efficacy and complications were found 3 years after treatment in a prospectively followed interventional case series of patients with macular edema after CRVO (16) .
Thus, for all of the diseases treated in these trials, 0.59-mg FA implants were found to be an effective treatment, but with two serious and very frequent side effects: cataracts in almost all patients, and the need for surgery to lower intraocular pressure in many of them.
0.19-mg fluocinolone acetonide implants
A smaller, non-resorbable implant containing 0.19 mg of FA can be injected through a 25-gauge (0.46-mm) needle into the vitreous body of the eye without the need for a suture. The safety and efficacy of implants with two different concentrations of FA (release rates: 0.2 and 0.5 µg per day) were studied and compared with sham injections in a prospective, placebo-controlled, double-blind phase III trial on patients with persistent diabetic macular edema despite at least one laser treatment. Both types of implant improved visual acuity, but the lower-dose implant had fewer side effects, particularly with respect to intraocular pressure (17) . In the fall of 2011, the FDA rejected an application for approval of the 0.19-mg FA implant for the treatment of diabetic macular edema. In Europe, however, this implant was positively evaluated in a decentralized drug-approval process in February 2012 and then approved for use in Austria and the United Kingdom in April/May 2012.
Triamcinolone acetonide
Triamcinolone acetonide is not a steroid implant, but rather a glucocorticoid that, because of its structure, stays at a therapeutic concentration in the eye for several weeks after intravitreal injection as a suspension. Though not approved in Europe, intravitreal (18) . In the multicenter SCORE trial ("Standard Care versus Corticosteroid for Retinal Vein Occlusion"), 271 patients with macular edema after CRVO were given either 1 or 4 mg of triamcinolone acetonide, without preservative, by the intravitreal route. A therapeutic benefit was found, making this the first effective treatment ever described for macular edema after CRVO (9, 19) . The lower dose had fewer complications. The authors concluded that IVTA at a dose of 1 mg should be considered for all patients with CRVO who meet the SCORE inclusion criteria (19) .
On the other hand, it was found in another clinical trial that IVTA is no better than the standard treatment (macular grid-laser treatment) for macular edema due to branch retinal vein occlusion (BRVO), while conferring the additional risk of intraocular hypertension (20) .
Dexamethasone implants
Like fluocinolone, dexamethasone is a highly potent corticosteroid; it is about 30 times more potent than cortisone (21) . Its half-life after injection into the human vitreous body is only 5.5 hours, so that repeated injections at short intervals are needed for the treatment of macular edema (22) . The dexamethasone implant, developed to prolong the duration of action of the drug, consists of 700 µg of dexamethasone in a biodegradable poly(lactic-co-glycolic acid) (PLGA) matrix. The intravitreal concentration of the active drug is high for the first 60 days after implantation and lower for a longer period thereafter. The implant is delivered in a singleuse applicator; it is operatively introduced through the pars plana of the ciliary body into the vitreous body by means of a 22-gauge (0.64-mm) injection canula The safety and efficacy of a single treatment, or two treatments, with dexamethasone implants over a period of 12 months were studied in two identically designed, prospective, multicenter trials on a total of 1267 patients with either CRVO or BRVO (Figure 2 ). In the two treatment groups, an improvement of visual acuity by 15 letters or more occurred significantly more rapidly and more often than in the control group (29% compared to 11% at 60 days, p <0.001). After two treatments with the 700-µg implant, lens opacification occurred in 29.8% of the treated phakic eyes (90 of 302), compared with 5.7% in the control group (5 of 88). Intraocular hypertension was most commonly found 60 days after implantation; among patients who received two 700-µg implants, this occurred in 12.6% after the first treatment, and in 15.4% after the second (23, 24) .
The HURON phase III trial concerned the safety and efficacy of dexamethasone implants in the treatment of non-infectious intermediate or posterior uveitis. The treated patients benefited from the treatment over the entire duration of follow-up and had a significantly higher rate of improved visual acuity (by 15 letters or more) than the control group. The intraocular pressure rose to 25 mmHg or higher on follow-up examination in fewer than 10% of patients; lens opacification occurred in 7% (4/55) of patients in the control group and 15% (9/62) of patients in the 700-µg group (25) .
The 700-µg dexamethasone implant was found to be more effective than the 350-µg implant, with a similar rate of side effects. Accordingly, the 700 µg implant has been approved for the treatment of macular edema after venous occlusion and in patients with uveitis. According to currently available data, treatment with these implants is safe and their therapeutic benefit lasts several months after each implantation. Clinical experience has shown that lens opacification is more likely when multiple implantations are used to prolong the benefit (Table 2 ).
Overview
A number of steroid depot systems have been clinically tested recently, and some are now in clinical use. They are a major addition to the armamentarium of treatments for diseases of the posterior segment of the eye. The systems discussed here are implanted in markedly different ways: the 0.59-mg FA depot system is introduced into the eye through a relatively long incision and then sutured to the wall of the globe, while the 0.19-mg FA implant and the dexamethasone implant are injected into the eye, and the injection site seals itself without the need for a suture. A prolonged corticosteroid effect can lead to cataract progression and intraocular hypertension. The various steroid depot systems presented here seem to differ in the frequency of these complications, probably mainly because of their different durations of effect. Clinical trials have shown that longer-acting, non-biodegradable implants are effective against the diseases that they are given to treat, but with an accompanying high risk of these complications. Biodegradable implants have a more favorable side-effect profile, but also a much shorter duration of effect. If they have to be injected repeatedly, they, too, can cause intraocular hypertension (which usually responds to drug treatment) and accelerate the opacification of the lens. No studies have yet been performed on the long-term course of patients who are treated repeatedly with steroid implants, and thus no definitive statement can be made about the potential long-term side effects. Clinical experience to date does does not lead us to suspect that long-term intravitreal steroid therapy will have any further, rare, dangerous side effects.
